Studies on the migration of an implant may be the only way of monitoring the early performance of metal-on-metal prostheses. The Ein Bild Roentgen Analyse -femoral component analysis (EBRA-FCA) method was adapted to measure migration of the femoral component in a metal-on-metal surface arthroplasty of the hip using standard anteroposterior radiographs. In order to determine the accuracy and precision of this method a prosthesis was implanted into cadaver bones. Eleven series of radiographs were used to perform a zero-migration study. After adjustment of the femoral component to simulate migration of 3 mm the radiographs were repeated. All were measured independently by three different observers.
Studies on the migration of an implant may be the only way of monitoring the early performance of metal-on-metal prostheses. The Ein Bild Roentgen Analyse -femoral component analysis (EBRA-FCA) method was adapted to measure migration of the femoral component in a metal-on-metal surface arthroplasty of the hip using standard anteroposterior radiographs. In order to determine the accuracy and precision of this method a prosthesis was implanted into cadaver bones. Eleven series of radiographs were used to perform a zero-migration study. After adjustment of the femoral component to simulate migration of 3 mm the radiographs were repeated. All were measured independently by three different observers.
The accuracy of the method was found to be ± 1.6 mm for the x-direction and ± 2 mm for the y-direction (95% percentile). The method was validated using 28 hips with a minimum follow-up of 3.5 years after arthroplasty. Seventeen were sound, but 11 had failed because of loosening of the femoral component. The normal (control) group had a different pattern of migration compared with that of the loose group. At 29.2 months, the control group showed a mean migration of 1.62 mm and 1.05 mm compared with 4.39 mm and 4.05 mm in the failed group, for the centre of the head and the tip of the stem, respectively (p = 0.001). In the failed group, the mean time to migration greater than 2 mm was earlier than the onset of clinical symptoms or radiological evidence of failure, 19.1 versus 32.2 months (p = 0.001) and 24.8 months (p = 0.012), respectively.
EBRA-FCA is a reliable and valid tool for measuring migration of the femoral component after surface arthroplasty and can be used to predict early failure of the implant. It may be of value in determining the long-term performance of surface arthroplasty.
Surface replacement of the hip using a metalon-metal bearing 1,2 is being re-introduced for the young patient with arthritis of the hip because of the preservation of bone and the ease of revision to a total hip replacement (THR). 3 Since wear of metal-on-metal bearings is almost imperceptible on radiographs, 4 migration studies 5 may be the only way of detecting early failures and of evaluating the long-term survival of the prosthesis. The early measurement of migration of the femoral component in THR has been reported to predict the long-term clinical outcome. [6] [7] [8] [9] [10] Several methods to detect migration have been published. 8, [11] [12] [13] [14] [15] [16] Radiostereometric analysis (RSA) is the most dependable, with an accuracy of 0.2 mm, 11, 12 but it requires prospective planning, the implantation of tantalum markers and stereoradiographs. Ein Bild Roentgen Analyse-femoral component analysis (EBRA-FCA) is a method for measuring migration of the femoral component which can be used retrospectively.
It has a specificity of 100% and a sensitivity of 78% for detecting migration of 1 mm. 13 We have used EBRA-FCA to measure migration of the prosthesis in resurfacing arthroplasty and to determine its accuracy and precision both in vitro and clinically.
Material and Methods
EBRA-FCA software for surface arthroplasty of the hip. The original EBRA-FCA software was modified for use in surface replacement arthroplasty. The centre of the femoral head is the first reference point and using two more points the central axis of the stem is calculated. The intersection of this axis with the distal tip of the stem determines the second reference point. The central axis of the femur is defined by one point marking the medial cortex and another the lateral cortex. Both trochanters are marked by two orthogonal tangents (Fig. 1a) .
Defined reference lines in the x-and y-axes of a series of radiographs of each patient are compared (Fig. 1b) . Migration is only measured between pairs of radiographs with comparable reference lines for the prosthesis with less than 3 mm difference; the others are excluded. 13 To test for the reliability and accuracy of the new EBRA-FCA software, a zero migration study and a simulated migration study were undertaken. All measurements were carried out by three observers independently (SW, MM, RB). A Conserve Plus surface arthroplasty (Wright Medical Technology, Arlington, Tennessee) was implanted into the femur and the hemipelvis of a cadaver. The cup was cemented to achieve secure fixation despite being originally designed for cementless fixation. The femoral component was detached from the femoral neck before polymerisation of the cement, so that it could be removed and re-attached, preserving the cement bed of the shaft of the prosthesis. A model was constructed which allowed flexion/extension and simultaneous rotation of the hip in steps of 1˚ (Fig. 2) . Studies were carried out in -5˚ to + 25˚ of flexion and -10t o + 50˚ of external rotation (mean values ± 2 SD ). 17 We took 11 series of radiographs, with seven radiographs per series. The positions were randomised within the limits set by Ilchmann and Winter, 17 and predetermined by SAS statistical software (SAS Institute, Cary, North Carolina). Within each set of measurements the migration should be zero and any deviation from this measurement represents observer error. A simulated migration of 3 mm along the longitudinal axis of the femoral neck was carried out by removing three slim rings stepwise, each 1 mm thick, thus allowing the prosthesis to sink. Allowing for the anteversion of the femur of 15˚, the projected migration of the prosthesis along both the x-and the y-axes on the radiograph was 2.1 mm. Any deviation from this was regarded as an error of measurement. Photograph of the cadaver model for the experimental analysis of accuracy.
consisted of 17 hips free from any clinical or radiological signs of loosening with a minimum follow-up of five years (mean 6.7 years). Group 2 included 11 revisions for femoral loosening with a mean follow-up of 6.7 years (5.9 to 7.2). In group 1, there were 12 men and five women with a mean age of 53 years (36 to 67); 12 (71%) had osteoarthritis, three (17%) osteonecrosis and post-traumatic osteonecrosis, developmental dysplasia one (6%) and one (6%) juvenile rheumatoid arthritis. In group 2, there were seven men and four women with a mean age of 47.4 years (28 to 55); seven (64%) had osteoarthritis, two (18%) osteonecrosis, and one (9%) post-traumatic osteoarthritis and one (9%) developmental dysplasia. We recorded the overall migration and the time to its initiation. Overall migration was defined as the magnitude, expressed in millimetres, of the vector sum of migrations along both the x-and y-axes for a given point of interest, i.e. the centre of the head or the tip of the stem. The time when radiological migration became greater than 1 mm 18 and of the onset of hip pain were also recorded. Statistical analysis. Statistical analysis was performed using the SPSS 11.0 statistical software package (SPSS Inc, Chicago, Illinois). Quantitative variables were described by the median, the interquartile range and 5% and 95% percentiles. The sensitivity and specificity of the program for detecting migration of more than 2 mm was calculated by means of a cross-classified table. Sensitivity (t) was calculated as follows: t = RP/(RP + FN). Specificity (sp) was calculated by the formula: sp = RN/(RN + FP) (RP = correctpositive results, FN = false negative results, RN = correctnegative results, FP = false positive results). The Spearman correlation coefficient was used to test interobserver error. Student's t -test was used to detect differences between the two clinical groups.
Results
We excluded 20% of the radiographs because they were not comparable with the other films of a series. Accuracy. The overall accuracy of the method was ± 1.6 mm for the x-direction and ± 2 mm for the y-direction (95% percentile). The statistical results of all measurements are presented in detail in Table I .
To determine the sensitivity and specificity of the program for detecting a migration of 2 mm, four cross-classified tables containing the migration data of the head and tip were generated for the x-and y-directions. The sensitivity and specificity for both axes are summarised in Table II . Prediction for failure. The two groups did not differ significantly in terms of age, diagnosis and gender (p > 0.05). The hips which failed (group 2) showed significantly greater migration than the normal hips (group 1) with 4.39 mm versus 1.62 mm for the centre of the head (p = 0.001) and 4.05 mm versus 1.05 mm for the tip of the stem (p = 0.001). In group 2, migration began at a mean of 19.1 months (11 to 51), whereas in group 1 the pattern of migration was consistent with stability of the implant at a mean time of 29.2 months (22 to 39). In the hips which failed (group 2), the mean time to the first migration detected by EBRA-FCA was significantly less than that to the first reported onset of pain: 19.1 months versus 32.2 months (p = 0.001). More importantly, the time to detection of significant migration was shorter than that to detection of radiolucency of the metaphyseal stem, 19.1 months versus 24.3 months (p = 0.012).
Discussion
The application of EBRA-FCA to study migration of the femoral component in surface arthroplasty has shown it to be a reliable tool with a low probability of false-positive migration, but an underestimation of migration in the ydirection. This effect is already known from the original EBRA-FCA program and is explained by the comparability algorithm of the software, which leads to an improvement in accuracy, but also to an underestimation of subsidence by smoothing of the migration curve. Nonetheless, in our clinical series, all of the hips which were revised for femoral loosening showed a significantly earlier and greater migration than the normal hips, with an onset of migration which occurred before the appearance of radiological signs of loosening. Migration of 2 mm or more in the first two years was predictive of failure of the implant within five years, which confirmed the validity of this version of EBRA-FCA. Our findings are in accordance with those made for conventional THR 6, 7, 19 which showed the correlation of vertical migration of the femoral stem with clinical failure. Movement of 1 to 2 mm represented significant migration. 12, 20, 21 Although EBRA-FCA is not as accurate as RSA, it does not require the implantation of tantalum markers 22 and can be done retrospectively for large numbers of patients. The method allows the identification of clinical and surgical factors related to early migration as well as a comparison of different designs of implant.
